The purpose of this study is to evaluate the usefulness of salivary amylase activity as an indicator of the acute psychological sedative effects of fragrances used in household products such as clothing softeners. Twenty seven healthy Philippine female subjects in their late 30 s were enrolled (38.7Ϯ5.2 yr). This study was undertaken to investigate the favorite fragrance of Asian and Pacific Islander women. Our results indicated that (i) a mixed floral fragrance might be a favorite fragrance for Filipinas; (ii) fragrances contained in a softener significantly induced a sedative effect in humans, as assessed by both analysis of the biochemical marker and subjective evaluation; (iii) salivary amylase activity has the potential to be an excellent indicator for the evaluation of the acute psychological sedative effects of fragrance.
Introduction
Quantitative evaluation of the physiological effects of fragrance by conventional methods include subjective evaluations by questionnaire (Lundström et al., 2003) and physical measurements such as electroencephalogram (EEG) (Diego et al., 1998; Grosser et al., 2000) , blood pressure (Haze et al., 2002) , and heart rate (Romine et al., 1999) . However, these physical measurements require the subjects to be physically restrained. Therefore, if an acute psychological effect of fragrance is to be quantified under field-based conditions rather than in a laboratory-based investigation, it is necessary to quantitatively measure the sedative state induced by them through subjective evaluation of emotions such as comfort and relaxation, so that the measurement method itself does not induce stress in the subjects.
In contrast, a biochemical method for the quantification of physiological effects has been investigated using a biochemical marker (biomarker) in saliva. Sampling saliva has the advantage that it is noninvasive, which makes multiple sampling easy, and does not introduce distress. Salivary amylase activity (sAMY) has been found to increase slightly with increased flow rates, and large increments in amylase concentration have been observed during sympathetic control by Speirs et al. (1974) . sAMY can be a useful index of plasma norepinephrine concentration under a variety of stressful conditions, since it appears that increased sympathetic nervous activity is a major stimulator of amylase secretion (Jenkins 1978; Ugolev et al., 1979) . Only Morse et al. reported that sAMY is increased during states of relaxation (1983) . However, exercise (Nexo et al., 1988; Chatterton et al. 1996; Chicharro et al., 1998; Walsh et al., 1999) and psychological stressors (Bosch et al., 1996; Skosnik et al., 2000; Rohleder et al., 2004; Takai et al., 2004; Nater et al., 2005) are also able to stimulate salivary amylase. It has been suggested that salivary amylase may not only function as a digestive enzyme but may also have antibacterial action (Tanzer et al., 2001; Hannig et al., 2005) . The antibacterial action may be one of the reasons why secretion of salivary amylase is increased by activation of the sympathetic nervous system. The authors have been investigating an evaluation method based on a biomarker, sAMY (Yamaguchi et al., 2001) . We have fabricated a hand-held type sAMY monitor which can be easily and quickly used for evaluating the activity of the sympathetic nervous system at any time (hand-held monitor; Yamaguchi et al., 2004; . The time required for collection of saliva is approximately 10-30 s, and it takes 30 s for analysis using the hand-held monitor; thus, a total of 1 minute is sufficient to analyse the sAMY.
The purpose of this study is to evaluate the usefulness of sAMY as an indicator of the acute psychological sedative effects of fragrances. The sample fragrances involved in this test require that their origins be known and that they contain no chemical materials that could directly activate the central nervous system. Thus, readily obtained clothing softeners, which meet the requirements, and have been prepared by perfumers for household products, were used as sample fragrances. Twenty seven healthy Philippine female subjects in their late 30 s were enrolled. This study was undertaken to investigate the favorite fragrance of Asian and Pacific Islander women. A Filipina is exposed to the fragrance of a softener by using a white towel washed in it. The time-course change in sAMY is quantitatively analysed using the hand-held monitor before and during the inhalation of fragrance. In parallel, subjective evaluations are conducted on each subject using a questionnaire. Finally, correlations between the biomarker analysis and the subjective evaluations are statistically evaluated.
Materials and Methods

Subjects
Twenty seven healthy Philippine female subjects were enrolled (33-49 yr, 38.7Ϯ5.2 yr) in this study. The study protocol was approved by the Ethical Committee of the Institutional Review Board of the University of Toyama, Medical Branch (Toyama, Japan). The study protocol was fully explained to all of the subjects in both spoken and written forms, specifically focusing on the purpose of the study, the precise procedures that would be used, and any possible adverse events. Signed informed consent was obtained from each subject who enrolled in the study.
Procedures
A hand-held sAMY monitor (hand-held monitor) had been previously fabricated by the authors . This hand-held monitor consists of a disposable teststrip and an optical analyzer (126ϫ130ϫ48 mm 3 ; 350 g), which is incorporated within an automatic saliva transcription device. The test-strip consists of a collecting sheet attached to the collecting papers, and a holder to which a reagent paper is attached. A volume of 20-30 ml of whole saliva is collected with the collecting paper placed under the tongue. When the test-strip is examined by the optical analyzer, the analysis is automatically controlled and the sAMY is shown on a display. This monitor was able to measure the environmental temperature at the same time as analyzing sAMY and automatically adjust the measured values into the sAMY at 37°C. A coefficient of multiple determination of R 2 ϭ0.98 was obtained in a range between 0 and 140 kU/l. The time required for collection of saliva was approximately 10-30 s for each subject, and it took 30 s for saliva transfer and analysis using the hand-held monitor; thus, a total of one minute was sufficient to measure the sAMY.
Subjective evaluation methods such as a profile of mood states (POMS, McNair and Lorr, 1964 ) and a state-trait anxiety inventory (STAI, Spielberger et al., 1970) have been used to measure the psychological effects. In order to measure the psychological sedative effect of fragrance, it is important to decrease the number of questions on a questionnaire. A selfassessed questionnaire of psychological state (pre: Q 1 and post: Q 2 ) was set, consisting of six adjectives, relaxed, fun, anxious, refreshed, stressed, and uplifted, as a subjective evaluation. The applicability of the adjectives to current mood was marked by the subjects on a scale from one to five: strongly disagree (1), somewhat disagree (2), neither disagree nor agree (3), somewhat agree (4), or strongly agree (5).
Study design
A softener was used as the test sample of a household product which contained a mixture of four different floral fragrances, such as jasmine, rose, lily, and vanillin (Table 1) . Each fragrance was prepared by a perfumer. The subjects were exposed to the mixed fragrance by using a white towel washed with a detergent and/or the softener. Three kinds of towel were used in this study as follows:
control: washed only with water, study 1: washed with detergent without fragrance, study 2: washed with detergent without fragrance, and also a softener with the mixed fragrance In order to avoid the effects of the environment, the experiment was conducted in a small, partitioned area (1.5ϫ3 m 2 ) of a quiet room where all visual stimuli were restricted and the temperature was maintained at around 25°C. The humidity in the room remained within 44-65% during the study. This experiment took place between 16:00 and 20:00 hrs. Prior to the experiment, the subjects were kept in nonsmoking conditions for the whole of the previous day. Moreover, subjects were not allowed to take any food or drink, except for water, for 1 hr prior to the experiment. In order to clean the oral cavity, the subjects brushed their teeth clean and rinsed their mouths. Subjects then answered the questions identified in the questionnaire regarding their psychological state (Q 1 ). Figure 1 shows the protocol used to evaluate the acute sedative effect of the mixed fragrance. Saliva sampling was performed at even intervals for the analysis of sAMY using the hand-held monitor, and repeated 5 times in total (A 1 -A 5 ). Initially, subjects took a sitting position for 3 min in order to measure their individual baseline of sAMY (baseline period, A 1 -A 2 ). Next, the subjects held a white towel over their faces for 9 minutes to inhale the mixed fragrance (inhalation period, A 3 -A 5 ). Immediately after completion of the mixed fragrance inhalation, the subjects filled in the psychological state questionnaire again (Q 2 ). The values of post-score minus pre- 
Statistical analysis
Parametric tests were used as appropriate (SPSS 14.0J, SPSS Japan Inc., Japan). Within-group comparisons were performed using a paired Student t test. Comparisons between groups were performed using an unpaired Student t test. A value of PϽ0.05 was taken to represent statistical significance. Unless otherwise stated, all data are expressed as meanϮstandard deviation (SD).
Results
There were 7 subjects whose sAMY between baseline period levels (A 1 and A 2 ) were changed by more than Ϯ15% in the control experiment. One explanation for this phenomenon may be that the environmental condition of temperature, humidity, and ventilation by the air-conditioner were not perfectly controlled. Therefore, the subjects were screened for greater than Ϯ15% changes, and the sAMY was compared in the remaining twenty subjects (33-49 yr, 38.3Ϯ5.7 yr) whose sAMY changed less than Ϯ15% during the baseline period in the control experiment. Figure 2 shows the time-course changes of the sAMY in the control, study 1, and study 2 in twenty subjects. Comparison of the sAMY in the controls between A 1 and A 5 were 20.6Ϯ11.7, 19.2Ϯ7.6, 18.1Ϯ9.0, 16.2Ϯ8.8, and 18.7Ϯ9.9 kU/l. There was no significant difference in salivary amylase activities between them. The sAMY in the baseline period (A 1 -A 2 ) of the control, study 1, and study 2 ranged from 6-50, 8-93, and 8-69 kU/l, respectively. The sAMY in the inhalation period (A 3 -A 5 ) of the control, study 1, and study 2 ranged from 7-46, 7-84, and 8-56 kU/l, respectively. Table 2 shows the comparison of parametric tests between sAMY, A 1 -A 5 , using the paired Student t test. The parametric tests of control, study 1, and study 2 were independently calculated. There was no significant difference between baseline period (A 1 -A 2 ) and inhalation period (A 3 -A 5 ) in both the control and study 1. On the other hand, in study 2, the timecourse changes of sAMY decreased during the inhalation period, and were significantly reduced compared with the baseline period (PϽ0.05).
In the control, the scores of Q 2 -Q 1 were 0.05Ϯ0.89, 0.10Ϯ0.79, 0.00Ϯ1.30, 0.10Ϯ0.64, Ϫ0.05Ϯ1.10, and 0.05Ϯ0.69, respectively (Fig. 3) . No significant trend was observed in the six adjectives. On the other hand, in study 2, it was observed that relaxed tended to increase, whilst anxious and stressed kept constant when it was evaluated using the unpaired Student t test. The skewness (b 1 ) and kurtosis (b 2 ) revealed that the scores of relaxed show a normal distribution (Pϭ0.01).
Discussion
In order to evaluate the usefulness of sAMY as an indicator of the acute psychological sedative effects of the mixed fragrance used in softeners, the time-course change in sAMY was examined before and during the inhalation of fragrance. In the subjective evaluations, a trend was observed that inhalation of test samples increased relaxed. It was considered that a mixed floral fragrance such as jasmine, rose, lily, and vanillin was a favorite fragrance for Filipinas.
Previously, it has been reported that the sAMY ranges are between 5 and 1,140 kU/l in humans (Tenovuo, 1989; Chatterton et al., 1996; Walsh et al., 1999; Yamaguchi et al. 2004; Nater et al., 2006) . Since the sAMY during the baseline period was shown as 6-93 kU/l, it was considered that sympathetic nervous activity at the beginning of this test was relatively inactive. There was no significant difference in sAMY between baseline period (A 1 -A 2 ) and inhalation period (A 3 -A 5 ) in both the control and study 1, whilst the inhalation period sAMY was significantly decreased in study 2. Thus, it was revealed by both subjective evaluations and sympathetic nervous activity measurement that the mixed fragrance contained in softeners might induce sedative effects in humans. sAMY has the potential to be an excellent indicator for the evaluation of psychological sedative effects. Saliva sampling may enable the simultaneous and noninvasive analysis not only of sympathetic nervous activity through amylase but also of several biomarkers of the endocrine and immune systems as well as neurotransmitters. If simultaneous and real-time analysis of multiple biomarkers can be developed, this would be a further useful tool as a fieldbased evaluation of products containing fragrances. Evaluation of Fragrance on Filipinas Using Biomarker Fig. 3 Score of subtraction: pre-questionaire, Q1, from postquestionnaire, Q2. The applicability of 6 adjectives was marked on a scale of 5 from strongly disagree (1) to strongly agree (5). Withinadjective group comparison was performed using an unpaired student t test. *: PϽ0.05, NS: not significant (PϾ0.05). 
